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Abstract 
Distribution of luminous bacteria (LB) in penaeid shrimp grow-out pond water in semi-
intensive seawater farming system and their resistance to 15 antibacterials were 
investigated. Total viable counts and luminous bacterial counts in pond water ranged 
from 2.00xl03 to 1.35xl04/ml and l.OOxl01 to 8.00Xl02/ml, respectively. The 
percentage composition of LB in the total viable population increased significantly with 
period of culture. Five species of LB such as Vibrio fischer4 V.: harvey4 V.: orientalis~ V.: 
splendidus 1 and Photobacterium Jeiognathi were encountered. V.: harveyi was the 
dominant species, constituting > 80% of the total LB. Multiple antibiotic resistance was 
more common in these LB. Pond water isolates showed resistance to at least four 
antibacterial agents. 
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Introduction 
Shrimp farming has encountered with disease problems similar to other sectors of 
intensive husbandry. The growing use of antibiotics to combat the problem of bacterial 
diseases in aquaculture has led to concern about effects of their release into adjacent 
marine habitats (GESAMP 1991). Attention has been drawn to the possible development 
of antibiotic-resistant microorganisms. Research in this area has mainly focused on fish 
pathogens (Aoki 1989). Similar studies on other normal bacterial flora are limited. 
Luminous bacteria are a ubiquitous and ecologically versatile group, found 
saprophytically and parasitically on marine animals and live symbiotically in specialized 
organs offish (Nealson and Hastings 1991) or in enteric tracts offish/shrimp (Ruby and 
Morin 1979, Lavillo-Pitogo et al 1992). These organisms have been employed in water 
quality testing and coastal pollution surveillance (Ramaiah and Chandramohan 1993). 
The purpose of this investigation was to study the distribution of planktonic luminous 
bacteria (LB) in semi-intensive shrimp grow-out pond water and to determine the level 
of antibiotic-resistance in these bacteria from pond water and seawater in which the 
external stress (antibiotic pollution) is present. 
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Materials and methods 
Three grow-out ponds in a semi-intensive shrimp farming system near Tuticorin 
(Lat N 8° 55', LongE 78° 10'35"), India, were selected for this study. Standard farming 
practices were carried out at semi-intensive method. Following ploughing and drying, 
water cultivation was done before stocking at the rate of 40 seeds/m2• Shrimp (Penaeus 
indicus) were fed with imported pellet feed 4 to 6 times a day in the range of 18.0 to 2.0% 
of body weight corresponding to the days of culture. No water exchange was done for the 
first 45 days of culture. During the middle and final phase of culture, water exchange 
was done at the rate of 25 % and 40 % per week, respectively. 
Sampling was done for about 120 days at monthly intervals from the day of stocking 
to the harvest between February'94 and June'94. Samples of pond water and near shore 
water (seawater) for bacteriology were collected in 300 ml capacity sterilized glass 
bottles. Pond water samples for physicochemical parameters were also collected in glass 
bottles as per Strickland and Parsons (1972) and brought to the laboratory within 90 min 
of collection. 
All samples for bacteriology were serially diluted in sterile 0.05% (w/v) peptone 
diluent prepared in half strength-aged seawater. Appropriate dilutions were chosen and 
seeded onto seawater complex (SWC) agar and nutrient agar complemented with 1.5% 
(w/v) sodium chloride by spread plating. Plates were incubated at 30± 1 °C for 48 h. 
Luminescence was observed in a dark room within 20 h of incubation. Luminous 
bacteria were picked, streaked onto SWC agar until pure and identified as described in 
Abraham et al. (1999). Total viable counts were recorded after 48 h. Antibiotic-resistance 
of LB was studied by agar disc-diffusion method on Mueller Hinton agar complemented 
with 1.50% sodium chloride (Bauer et al. 1966). 
Salinity, temperature and pH of water samples were measured. Transparency (in em) 
was recorded by a Secchi disc. Ammonia (NH3) and nitrite (N02) were determined by 
the methods of Strickland and Parsons (1972). Simple correlation was used to interpret 
the data statistically. 
Results 
Bacteriological and physicochemical characteristics of pond water are presented in 
Table 1. Comparatively higher total viable counts (TVCs) and luminous bacterial counts 
(LBCs) were observed in pond water than in seawater. The levels (mean) of LBCs 
(r=0.910), percent LB (r=0.976), NH3 (r=0.925), N02 (r=0.841) and pH (r=0.873) were 
increased significantly (p<O.Ol) with period of culture. The increase in TVCs was not 
significant (r=0.227, p>0.05) from the day of stocking to harvest; however, significant 
(r=0.931, p<0.01) after 30 days of culture. No significant differences (p>0.05) in salinity 
(r=-0.192) and temperature (r=0.395) were observed during the culture period. There 
existed a highly significant (P< 0.01) positive correlation between pH and NH3 
(r=0.991), and pH and LBCs (r=0.947). A significant negative correlation (r=-0.998, p< 
0.01) was observed between the culture period and transparency (Table 1). 
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Table 1. Bacteriological* and physicochemical characteristics of shrimp grow-out pond water 
Days of culture 
Characteristics 0 30 60 90 120 
Total viable counts-
TVCs (x 103 /ml) 7.82 ±5.37 2.12 ±0.09 4.25±2.25 3.95±1.95 8.47±5.07 
Luminous bacterial 
counts (x 102 /ml) 0.525±0.425 0.325 ±0.025 0.867±0.717 1.60±0.40 4.67±3.40 
Luminous bacteria (%) 
in the TVCs 0.67 ±0.12 1.53 ±0.17 2.04 ±0.99 4.05±0.95 5.51±0.43 
Salinity (ppt) 38.80 ±0.67 35.94 ±0.96 36.28±1.08 36.87±1.96 37.64±0.67 
Temperature (° C) 28.90 ±0.10 30.00±0.60 30.90±0.45 29.50±0.55 30.00±0.40 
pH 8.24 ±0.21 8.21±0.26 8.23±0.03 8.35±0.16 8.43±0.17 
Transparency (em) 60.05 ±7.05 52.33 ±5.56 43.33±6.13 33.33±5.19 27.00±7.80 
Ammonia (ppm) 0.020 ±0.008 0.017 ±0.001 0.040±0.002 0.123±0.05 0.197±0.08 
Nitrate (ppm) 0.026 ±0.003 0.020±0.003 0.050±0.005 0.053 ±0.002 0.157±0.01 
* Total viable and luminous bacterial counts of seawater ranged from 1.50x 103 to 3.50x 103/ml and l.OOx 
101 to 6.50x 101/ml, respectively. 
A total of 100 luminous isolates were purified from pond water and seawater. 
Luminous population was dominated by Vibrio harveyi, constituting >80% of the total 
LB. Vibrio orientalis~ V. splendidus 1 and free living light organ symbionts such as V. 
fischeri and P. Jeiognathi were also observed with no marked variation in pond water 
and seawater (Table 2). Luminous bacteria were sensitive to chloramphenicol and 
resistant to ampicillin. The sensitiveness of these isolates was found to be in the 
following order: chloramphenicol > nalidixic acid > tetracycline > trimethoprim > 
sulphamethizole > oxytetracycline > nitrofurantoin > ciprofloxacin > gentamycin > 
novobiocin > polymyxin B > furazolidone > streptomycin > rifambicin > ampicillin 
(Table 3). As shown in Table 4, multiple antibiotic resistance was more common in these 
bacteria isolated from pond water (100%) and seawater (92%). 
Table 2. Percentage composition of luminous bacteria in shrimp pond water and seawater 
Organisms 
Vibrio fischeri 
V. harveyi 
V. orienta/is 
V. splendidus 1 
Photobacterium leiognathi 
Grow-out pond water 
(n=70)% 
2.86 
80.00 
5.71 
7.14 
4.29 
Seawater 
(n=30)% 
3.33 
83.33 
6.67 
3.33 
3.33 
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Table 3. Antibiogram ofluminous bacteria (n=90) to 15 antibacterial agents 
Numbers resistant 
Antibacterial agents* Vibrio Vibrio Vibrio Vibrio Photo-
(concentration in f.-Lg) fischeri harveyi orientalis splendidus 1 bacterium 
leiognathi 
(n=4) (n=58) (n=lO) (n=l2) (n=6) 
Ampicillin (10) 4 58 10 12 6 
Chloramphenicol (30) 0 0 0 0 0 
Ciprofloxacin (5) 0 463 10• 0 0 
Furazolidone (50) 2 54 10 10 4 
Gentamycin (10) 0 38 8 8 4 
Nalidixic acid (15) 0 6 0 0 0 
Nitrofurantoin (300) 0 32 6 2 4 
Novobiocin (30) 2 46 8 2 4 
Oxytetracycline (30) 0 20 2 2 0 
Polymyxin B (300)** 0 56 10 0 0 
Rifambicin (5) 4 56 10 12 4 
Streptomycin (10) 4 58 10 10 4 
Sulphamethizole (300) 2 20 2 0 0 
Tetracycline (30) 0 6 0 2 0 
Trimethoprim (5) 0 20 4 0 0 
*Standard antibiotic discs were obtained from HiMedia, Bombay (India) a: Intermediate group **: Units 
Table 4. Pattern of antibiotic resistance in luminous bacterial isolates 
Number of antibiotics 
to which resistant 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
14 
MAR* 
Grow-out pond water 
(n=64)% 
6.25 
12.50 
21.87 
3.13 
25.00 
15.62 
6.25 
3.13 
6.25 
100.0 
Seawater 
(n=26)% 
7.69 
7.69 
7.69 
7.69 
15.39 
15.39 
23.07 
15.39 
92.31 
*MAR: Multiple antibiotic resistance, i.e., resistance to at least three antibacterial agents. 
Discussion 
In modern semi-intensive shrimp farming system with a stocking density of about 
40 animals/m2, the use of good quality feed (crude protein content 38±2% on dry weight 
154 
Distribution of drug resistant luminous bacteria in penaeid shrimp 
basis) and maintenance of desirable planktonic population are inevitable for successful 
farming. It has been reported that in shrimp farming system 15 % (by dry weight) of the 
feed supplied is leached or otherwise unconsumed and 20 % is egested as faeces 
(Primavera 1994). These faeces and other organic wastes settle on the pond bottom and 
form an ideal substrate for the growth and multiplication of bacteria. Organic matter 
decomposition in the confined pond environment ultimately leads to nutrient 
enrichment. This was evident from the increasing levels of ammonia, nitrite, pH, 
productivity and bacterial counts (Table 1). These observations are in agreement with 
Boyd (1989). The levels of TVCs observed in this study were, however, lower than those 
reported in Southeast Asia (Peranginangin et al. 1992) and in Sri Lanka (Fonseka 1990). 
The LBCs and percent LB were increased with period of culture, despite the routine 
pond management measures such as water exchange and liming. The main source of LB 
into the ponds is seawater. The faeces of aquatic animals including penaeid shrimp have 
also been shown to be a source of LB (Lavilla-Pitogo et al 1992). It has been reported 
that LB constitute about 16-28 % of the total flora of midgut lining tissue and the 
contents of penaeid shrimp (Lavilla-Pitogo et al 1992). It is obvious that excreta from 
large numbers of shrimp in grow-out ponds would act as a reservoir of LB. In a study of 
LB of marine fishes, Ruby and Morin (1979) demonstrated the proliferation of LB in 
sterile seawater after the introduction of fish. The proliferation of faecal derived LB on 
pond bottom and their dispersion into the water could be the probable reason for the 
increase in LB in pond water. 
Results of species-wise distribution of LB reveal the dominance of V. harveyi both 
in pond water and seawater. No marked differences in V. fischeri; V. orientalis:J V. 
splendidus 1 and P. leiognathi populations in pond water and seawater were observed. 
Nutrient concentration of an environment is known to control the distribution of some 
species of LB (Shilo and Yetinson 1979). This perhaps explains the dominance of V. 
harveyi in eutropic pond environment and near shore water. It has been reported that V. 
harveyi can thrive well in eutropic conditions (Shilo and Yetinson 1979) and cause 
luminous vibriosis in penaeid shrimp (Lightner 1993, Karunasagar et al. 1994). 
The first report on antibiotic resistant LB from shrimp farming system was from 
Indonesia (Sunaryanto and Mariam 1986). Since then, the reports on multiple antibiotic 
resistant (MAR) strains of LB occurred frequently in almost all shrimp producing 
countries (Lightner 1993, Karunasagar et al. 1994). The development of resistance 
among the LB to broad-spectrum ciprofloxacin and other potential antibiotics is worthy 
considered. Despite the potentially serious effects that improper use could have on 
human health and reduced efficiency that result from overuse, antibiotics such as 
chloramphenicol, ciprofloxadn, oxytetracycline and potentiated sulphanamides are 
considered a treatment drug of choice in Indian shrimp culture industry. These results 
indicate extensive use of chemotherapeutants or antibiotic pressure in the shrimp ponds 
and proliferation of antibiotic resistant bacteria which correlated weU with increased 
incidence of MAR bacteria. Factors associated with aquaculture activities such as 
addition of organic materials, substances obtained in the microbiological degradation of 
feed wastes or the introduction of bacteria from enteric tracts have been reported w 
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favour the growth of resistant bacteria (Husevaq et al. 1991). Also surfaces with high 
bacterial population densities are sites where plasmid transfer is most likely to occur. It 
is likely that the enteric tracts of shrimp and pond bottom sediment provide an ideal 
condition for enteric (luminous) bacterial proliferation and that would favour conjugal 
transfer ofR-plasmids. 
The existing legislation in India is inadequate to halt the use of drugs and 
antibiotics in aquaculture systems which otherwise would prove potentially dangerous in 
times to come. Regardless of whether the resistance is mediated by exposure to 
antibiotics or other mechanisms, it is obvious that MAR was generally higher in shrimp 
farm environment than in seawater. As majority of the Indian shrimp farms have free 
exchange of water with sea, the MAR bacteria may spread with water circulation and 
pose public health problems. The potential hazards of indiscriminate use of antibiotics 
in aquaculture systems have been well documented (Aoki 1989). In general, the ecology 
and expression of MAR property in shrimp farm luminous bacteria are very little known 
and have hardly been studied. The results of the present study provide a basis for future 
research. 
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